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Foreword 

This E thiopian S tandard has been pr epared under t he di rection of the T echnical Co mmittee for Food additives and 
contaminats (TC 21) and published by the Ethiopian Standards Agency (ESA). 

The standard is identical with ISO 3360:1976 Phosphoric acid and sodium phosphates for industrial use (including foodstuffs) - 
Determination of fluorine content - Alizarin complexone and lanthanum nitrate photometric method, published by International 
Organization for Standardization (ISO). 

For the purpose of this Ethiopian Standard, the adopted text shall be modified as follows. 

• The phrase "International Standard" shall be read as "Ethiopian Standard"; and 

• A full stop (.) shall substitute comma (,) as decimal marker. 



Phosphoric acid and sodium phosphates for industrial use 

(including foodstuffs) ~ Determination of fluorine content - 
Alizarin complexone and lanthanum nitrate photometric 
method 



1 SCOPE AND FIELD OF APPLICATION 

This International Standard specifies an alizarin 
complexone and lanthanum nitrate photometric method 
for the determination of the fluorine content of phosphoric 
acid and sodium phosphates for industrial use (including 
f oodstuff s). 

The method is applicable to products of which the fluorine 
content, expressed as F, is equal to or greater than 
0,5 mg/kg. 



2 PRINCIPLE 

Separation of fluorine fronn a test portion by steann 
distillation in a phosphoric acid medium. Formation of a 
blue-coloured complex between the fluorine and the 
combined reagent alizarin complexone/lanthanum nitrate, 
at a controlled pH. Addition of acetone to increase the 
stability of the complex and the sensitivity of the method. 
Photometric measurement of the complex at a wavelength 
of about 600 nm. 



3 REAGENTS 

During the analysis, use only reagents of recognized 
analytical grade having as low a fluorine content as possible, 
and only distilled water or water of equivalent purity. 

3.1 Phosphoric acid, approximately 1,70 g/ml, about 
85 % (m1m) solution. 

3.2 Silica, powdered, dried in an oven at about 150 ocfor 
2h. 

3.3 Acetone. 

3.4 Nitric acid, approximately 0,02 N solution. 

3.5 Sodium hydroxide, approximately 0,2 N solution. 

3.6 Combined colour reagent. 

3.6.1 Buffer solution, pH 4,6. 

Dissolve 5,9 g of succinic (butanedioic) acid in 



approximately 300 ml of water and adjust the pH to 4,6 
with 0.5 N sodium hvdroxide solution, usina a dH meter. 
Dilute to 500 ml with water. 

3.6.2 Alizarin complexone, 0,88 g/l solution. 

Suspend 0,44 g of alizarin complexone in 200 ml of water 
and add 0,5 N sodiunn hydroxide solution, in snnall 
portions, until the solid has just dissolved. Add 50 ml of the 
buffer solution (3.6.1 ). Check the pH of the solution using 
a pH meter and adjust, if necessary, to between 4,5 and 4,8. 
Dilute to 500 ml and store between and 50 OC. 

NOTE -This solution has a slightly higher equivalency than the 
lanthanum nitrate solution (3.6.3) in order to ensure that the 
trivalent lanthanum ions are fully complexed in the test. 

3.6.3 Lanthanum nitrate, 0,86 g/1 solution. 

Dissolve 0,43g of lanthanum(lll) nitrate hexalhydrate 
[(La(N03)3.6H2O)1 in 500 ml of water. 

3.6.4 Mix equal volumes of the alizarin complexone 
solution (3.6.2) and the lanthanum nitrate solution (3.6.3) 
when required for use. 

3.7 Fluorine, standard solution, corresponding to 0,11 00 g 
of F per I itre. 

Weigh, to the nearest 0,000 1 g, 0,221 g of sodium 
fluoride, previously dried for 2 h at 105 OC and cooled in a 
desiccator. Place in a 250 ml beaker containing about 
100 ml of water. After dissolution, transfer the solution 
quantitatively to a 1 000 ml one-mark volumetric flask, 
dilute to the mark and mix. 

1 ml of this standard solution contains 0,100mg of F. 

Store the solution in a plastic flask. 

3.8 Fluorine, standard solution, corresponding to 1,00 mg 
of F per I itre. 

Place 10,0 ml of the standard fluorine solution (3.7) in a 
1 000 one-mark volumetric flask, dilute to the mark and 
mix. 

1 ml of this standard solution contains 1 gg of F. 

Prepare this solution at the time of use. 

3.9 Phenolphthalein, 1 g/l solution in 95 % (VIV) ethanol, 
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4 APPARATUS 

Ordinary laboratory apparatus and 

4.1 Steam-distillation apparatus, made of glass, capable of 
ensuring complete distillation and recovery of tiie fluorine. 

An example of suitable apparatus is illustrated in the figure 
and comprises 

4.1.1 Steam generator, for example a wide-neck flask of 
capacity approxinnately 3 000 nnl, fitted with a stopper 
into which are inserted three glass tubes [4.1 .1 a), b) and 
c)] of internal diameter about 6 mm. 

a) vertical recovery bend tube, for introducing the 
steann into the distillation flask (4.1.2.1) (one linnb 
dipping into the distillation flask); 

b) tube for regulating the flow of the steam, fitted at 
its outer end with a rubber tube fitted with a screw 
clip, 

c) safety tube, about 1 m long. 

4.1.2 Apparatus of borosilicate glass, for steam 
distillation, with ground glass joints, consisting of 

4.1.2.1 Distillation flask, of nonninal capacity 250 nnl, 
round bottonned with central neck and side neck, fitted 
with a thernnonneter pocket for introduction of a 
thernnonneter (glycerine in the pocket ensures thernnal 

exchange). 

4.1.2.2 Distillation column, Vigreux, column length 
between the first and last of the series of points 120 mm. 

4.1.2.3 Condenser, Graham, with an effective length of 
about 400 mm. 

4.1.3 Thermometer, including the range to 200 OC. 

NOTE -The efficiency of the apparatus used shall be previously 
checked by testing with known volumes of the standard fluorine 
solution (3.7). 

It is necessary, especially when low levels of fluorine are to be deter- 
mined, in order to condition a new apparatus, or a new component 
of apparatus, to carry out about twelve distillations with fluoride 
samples so as to bring the glass surfaces into a state of 
equilibrium 

with fluorine. For example, these distillations can be carried out 
with a mixture of 30 ml of the phosphoric acid (3. 1 ), 0,75 g of the 
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Before using an apparatus so treated for a determination, ensure, by 
means of two blank distillations in succession, that the assembly is 
in good condition. The quantity of fluorine found shall not be 
greater than that from a normal blank test, using an apparatus 
known to be in good condition. 



5 PROCEDURE 

5.1 Test portion 

Weigh, to the nearest 1 %, a mass of the test sample 
containing not more than 1 mg of F. 

In the case of phosphoric acid, the mass of the test portion 
shall not exceed 50 g. 

NOTE - If the concentration of fluorine (F) in the product is 
greater than 1 g/kg, prepare, from a suitable test portion, an 
appropriate dilution and take an aliquot portion containing not 
more than 1 mg of F. 



5.2 Blank test 

Carry out a blank test at the sanne tinne as the 

determination, under the same conditions, using the same 
quantities of all the reagents used for the determination 
and 



5.3 Fluorine distillation 

Place 40 ml of water and 1 ml of the sodium hydroxide 
solution (3.5) in a 500 ml one-mark volumetric flask, for 
collecting the distillate. 

Place the test portion (5.1) in the distillation flask 
(4.1.2.1). Add about 0,75g of the silica (3.2) and either 
30 ml of the phosphoric acid solution (3.1 ) in the case of a 
phosphate or, if the product to be analysed is phosphoric 
acid, a volume of the phosphoric acid (3.1) such that the 
total quantity of phosphoric acid present is equal to 45 g of 
orthophosphoric acid (H3P04)- 

Using about 5 ml of water, rinse down the innner walls of 

the distillation flask (4.1.2.1). Place a few millimetres of 

glycerine in the thermometer pocket, put the thermometer 

(4.1.3) in place, assemble the apparatus (4.1 ) and start 

the 

water circulation in the condenser (4.1 .2.3). Heat the 

distillation flask (4.1.2.1 ) and, if the apparatus described is 

Do not pass steam into the distillation flask (4.1.2.1) until 
the temperature of the solution in the flask reaches 138 to 
1 39 OC, at which point start the distillation. Maintain the 
tennperature of the solution during distillation at 

139±3 0C. 

Distil about 400 ml, collecting the distillate in the 
volumetric flask, dilute to the mark and mix. 

NOTE - It has been shown that the presence of aluminium, which 
can complex the fluorine, does not interfere if the test portion 
contains up to 0,5 g of Al. 



4.2 Spectrophotometer, or 



5.4 Preparation of the calibration graph 



4.3 Photoelectric absorptiometer, fitted with filters 
allowing a nnaxinnunn transnnission at about 600 nnn. 



5.4.1 Preparation of the standard colorimetric solutions, 
for photometric measurements carried out using cells of 
optical path length 4 or 5 cm. 
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Into a series of five 50 ml one-mark volumetric flasks, place 
the volunnes of the standard fluorine solution (3.8) 
indicated in the following table 



standard fluorine solution 

(3.8) 


Corresponding mass 
of fluorine 


ml 


99 


0. 

5,0 

10,0 

15,0 
20,0 




5,0 

10,0 

15,0 
20,0 



. Compensation solution. 

Add to each flask the quantity of water necessary to bring 
the volume to 20 nnl and then 0,1 ml of the 
phenolphthalein solution (3.9). Adjust the colour of the 
solution to pink by addition of the sodium hydroxide 
solution (3.5) and then to colourless by addition of the 
nitric acid solution (3.4). Add 5 nnl of the buffer solution 
(3.6.1), 1 ml of the combined colour reagent (3.6) and 
1 ml of the acetone (3.3), dilute to the mark and mix. 



5.4.2 Photometric measurements 

After allowing the solutions (5.4.1 ) to stand for 20 min, 
carry out the photometric measurements with the 
spectrophotometer (4.2), at a wavelength of about 600 nm, 
or with the photoelectric absorptiometer (4.3) fitted with 
appropriate filters, after having adjusted the apparatus to 
zero absorbance against the compensation solution. 



5.4.3 Plotting the calibration graph 

Plot a graph having, for example, the masses, expressed in 
micrograms of F contained in 50 ml of the standard 
colorimetric solutions, as abscissae and the 
corresponding 



5.5 Determination 

5.5.1 Colourdevelopment 

Place a volume of the solution obtained by the procedure 
specified in 5.3, containing not more than 20gg of F and 
having a volume not greater than 20 ml, in a 50 ml 
one-mark volumetric flask. Add, if necessary, the quantity 



of water necessary to bring the volume to 20 ml and then 
0,1 ml of the phenolphthalein solution (3.9). Adjust the 
colour of the solution to colourless by addition of the nitric 
acid solution (3.4). Add 5 ml of the buffer solution (3.6.1), 
1 ml of the combined colour reagent (3.6) and 1 ml of 
the acetone (3.3), dilute to the mark and mix. 

5.5.2 Photometric measurement 

Carry out the photometric measurement on the test 
solution by the procedure specified in 5.4.2, after having 
adjusted the instrument to zero absorbance against the 
compensation solution. 

6 EXPRESSION OF RESULTS 

By means of the calibration graph (5.4.3), determine the 
masses of fluorine (F) corresponding to the values of the 
photometric measurements on the test solution (5.5.2) and 
on the blank test solution (5.2). 

The fluorine (F) content, expressed as milligrams per 
kilogram, is given by the formula 

Ml _M2 500 

■X- 



MO 



V 



where 



mo /s the mass, in grams, of the test portion (5.1); 

m, /sthe mass, in micrograms, of fluorine (F) found in 
the aliquot portion of the test solution taken for the 
colour development; 

M2isthe mass, in micrograms, of fluorine (F) found in 
the aliquot portion of the blank test solution taken for 
the colour development. 

V is the volume, in millilitres, of the aliquot portion of 
the test and blank solutions taken for the colour 

development. 



7 TEST REPORT 

The test report shall include the following particulars 

a) the reference of the method used; 

b) the results and the method of expression used; 

c;any unusual features noted during the deter- 
mination; 

d) any operation not included in this International 

Standard, or regarded as optional. 
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FIGURE - Distillation apparatus (4.1) 
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ANNEX 
ISO PUBLICATIONS RELATING TO PHOSPHORIC ACID AND SODIUM PHOSPHATES FOR INDUSTRIAL USE 

PHOSPHORIC ACID 

150847 - Determination of sulphate content - Titri metric method. 

150848 - Determination of calcium content - Titrimetric method. 

150849 - Determination of iron content - 2,2'-Bipyridyl photometric method. 
IS02997 - Determination of sulphate content - Method by reduction and titrimetry. 

1503359 - Determination of arsenic content - Silver diethyldithiocarbamate photometric method. 

ISO 3360 - Determination of fluorine content - Alizarin complexone and lanthanum nitrate photometric method.* 

ISO 3361 - Determiantion of soluble silica content - Reduced molybdosilicate spectrophotometric method. 

ISO 3706 - Determination of total phosphorus(V) oxide content - Quinoline phosphomolybdate gravimetric method. 

1503707 - Determination of calcium content - Flame atomic absorption method.* 

1503708 - Determination of chloride content - Potentiometric method.* 

ISO 3709 - Determination of nitrogen oxides content - 3,4-Xylenol spectrophotometric method.* 
IS04285 - Sampling technique. 

SODIUM PHOSPHATES 

1503360 - Determination of fluorine content - Alizarin complexone and lanthanum nitrate photometric method. 



' Also applicable to phosphoric acid for use in the foodstuffs industry. 
'* Also applicable to sodium phosphates for use in the foodstuffs industry. 
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Organization and Objectives 



The Ethiopian Standards Agency (ESA) is the national standards bod; 
estabHshed in 2010 based on regulation No. 193/2010.ESA is establis 
restructuring of Quality and Standards Authority of Ethiopia ( 
established in 1970. 
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ESA ^s objectives are: 
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<♦ Develop Ethiopian standards and establish a system that enable 
check weather goods and serjjj^^^re in compliance with the'' 
required standards, 

♦ Facilitate the country's t^^^^gy transfer^^^gh the use of 
standards, 

♦ Develop national standards fol^^BK prod^^^nd services so as to 
make them competitive in the inte^^^^^^Parket. 



Ethiopian Standard^ 

The Ethiopian Standards a^ 
composed of different staid 
institutes, government or^ 
organizations, regulatory bodi^ 
or recommendations containec 



-)y national techn^^^^^nmittees which are 

Iters'^nsistin^^educationl^^Mutions, research 

l^ations,"^ certificatio|^ inspeWon, and testing 

Consumer a|p0e4^|j^^^^rhe requirements and/ 

ithiomaJr Standar?^B^ consensus based that 



reflects th^ 

the pub 

StandllfcSation Coi 

updated regularly tc 
Frs for all Etl: 
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fcPf the TC rcM-esenta^es and also of comments received from 

^ources. Ethiopian Standards are approved by the National 

and are kep^nder continuous review after publication and 

account of ^^t scientific and technological changes. 

in Standards, ^^mational Standard and ASTM standards, 

should^c addressed to the Documentation and 

^ion Jeam at the He ad officq^ d Branch (Liaisons) offices. A catalogue of 

EtWCpran Standards is also""a^fflKe freely and can be accessed in from our 
webs! 




5A has tl^^fc^right of all its publications. No part of these publications may be 

piduced i^^^fcrm without the prior permission in writing of ESA. 
itemational In^^^K^ent 

resentin^Bthiopia, is a member of the International Organization for 

ation (ISO), and Codex Alimentarius Commission (CODEX). It also 

close working relations with the international Electro-technical 

on (lEC) and American Society for Testing and Materials (ASTM). It is a 

member of the African Regional Organization for standardization 



More Information ? 
Contact us at the following address. 

The Head Office of ESA is at Addis Ababa. 

Son- 646 06 85, Oil- 646 05 65 
1^011-646 08 80 
IHI 2310 Addis Ababa, Ethiopia 
E-mail: info@ethiostandards. org. 
Website: www. ethiostandards. org 





Standard Mark 



